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ABSTRACT 
 
The main objective of this study was to design a susceptor packaging to bake flaky pastry dough (puff) in 
microwave oven. Then, the performance of the product was evaluated through microwave testing. Paperboard, 
corrugated board B-flute and metalized polyethylene terephthalate (mpet) were used to design susceptor 
packaging. Quality parameters of puffs such as weight loss (WL), colour changes at top and bottom surfaces 
(∆E), specific volume (SV) and hardness (H) were obtained as a result of the application on susceptor 
packaging through microwave testing. Microwave baked puffs without packaging application and 
conventionally baked puffs were used for comparison. Analysis of variance (ANOVA) was employed to 
determine significant differences between microwave powers used and baking time for each response variables 
in this study. As baking time increased, all the quality parameters increased. Microwave baked puffs had some 
quality defects such as lack of colour, become soggy and brittle when cold. It was possible to improve the 
quality of microwave baked puffs by using susceptor packaging. The colour of puffs were changed into desirable 
rich brown and gave the texture similar to the conventionally baked ones at three level power used. However, 
microwave baked puffs with susceptor packaging have a lower volume at all power used.  
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INTRODUCTION 
 
Susceptor is a very unique packaging material. Microwave susceptors are devices that provide electrical 
conductive layer, which can produce heat when expose to microwave energy. This material has an ability to 
absorb a portion of microwave energy and then convert it into heat, which then can be used to make foodstuffs 
crisp and brown [13]. Susceptor may consist of a laminate composed of paper or board adhered to metalized 
polyester [2]. The temperature for food during microwave heating does not exceed the boiling point of water, 
100°C [1]. Therefore, by using susceptor, a continuous heating occurred until the maximum temperature 
(approximately 200°C) is reached, and then susceptor will behave like a conventional oven up to this time [10]. 
  
Susceptor has been used with some of microwaveable food products for more than 20 years. Susceptor is the 
one commercial approach to solve the problem associated in microwave oven such as reduced height of the 
product, gummy texture, crumb hardness, an undesirable moisture gradient along a vertical axis in the final 
baked product and fails to induce browning and crisping to the foodstuffs [11, 13]. 
 
Relatively little has been published in the scientific literature about quality measurements of food product by 
microwave baking with susceptor packaging because manufacturers are continually looking at new ways of 
improving their products by improving the material used and design of susceptor. Sahin et al. [9] showed that 
the desired browning and hardness were obtained at the bottom surfaces of the food products baking when 
susceptor were used. Miltz and Zuckerman [7] found that the rate of heating and browning depended on the 
resistivity of the susceptor (represented by the optical density (OD)) and the optimal value of OD exists at which 
the best and most uniform browning was achieved. Mast and Roy Lee [6] stated that the used of susceptor in 
microwave cooking of product will give the same browning appearance as that of a conventional oven cooked 
product. Besides, Peleg and Yigal [3] highlighted that susceptor used give browned into a high quality, crispy 
crust quickly and efficiently when subjected to microwave energy.  
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The main objective of the present study was to assess the quality of puff pastry baked in microwave oven with 
the application of susceptor packaging and compare it to the puff pastry baked in microwave oven without 
packaging application. In addition, it was aimed to explore the possibility of using susceptor packaging material 
to improve the quality of microwave baked products.  
 
 
MATERIALS AND METHODS 
 
Preparation of susceptor packaging 
In the present study, susceptor packaging consisted of rigid box and a pair of susceptor board. Then, a pair of 
susceptor board was positioned at the top and bottom surface inside the rigid box. As a container, the rigid box 
was design by using a corrugated board B-flute according to tray-style carton type box with dimensions 17.3 x 
16.5 cm x 4.6 cm for its length x width x height. A pair of susceptor board was made from 0.4 optical density 
(OD) of industrial metallized polyethylene terephthalate (MPET) film, paper 275g/m2 and corrugated board B-
flute. Then, corrugated board B-flute and paper 275g/m2 were cut into 16.5 cm x 15.5 cm while MPET film was 
cut into 14.7 cm x 13.7 cm for its length and width respectively. The MPET film was then bonded to the 
corrugated and laminated again with paper 275g/m2.  
 
Preparation of Puffs 
Bakery prepared puff pastry was chosen as the food product for the present study. The puffs were kept in a 
freezer and degraded at -20oC in the box. Prior to use puff for testing, the puff was cut into 11 cm x 5 cm 
diameter and then let in room temperature for thirty minutes.  
 
Conventional baking 
Conventional baking was performed in a commercial electrical oven (UM 200-800, MEMMERT 
GmbH+Co.KG, Germany) at 200oC for 20 minutes. The oven was preheated to set the temperature for 45 
minutes before placing the puffs inside. Three puffs were baked at a time. Conventionally baked puffs were used 
for comparison. 
  
Microwave baking 
Commercial Microwave oven (EM-B756A, SANYO Electric Co, Ltd., UK) was used to bake puffs with 340 W 
power of microwave for comparison. The puffs were baked in the microwave oven without the application any 
package product for 135 s, 150 s, 165 s, 180 s and 195 s. For the purpose of this study, puff sample was placed 
at the centre horizontally position of turntable in the microwave. Only one puff was baked at a time. 
 
Microwave baking with susceptor packaging 
Commercial Microwave oven (EM-B756A, SANYO Electric Co, Ltd., UK) was used to bake puffs with 
susceptor packaging. Puff samples were baked in susceptor packaging rigid box at 340 W for 270 s, 285 s, 300 
s, 315 s and 330 s, 500 W for 150 s, 165 s, 180 s, 195 s and 210 s and 790 W for 75 s, 90 s, 105 s, 120 s and 135 
s. The puff was placed at the center horizontally in the susceptor packaging. Then, the susceptor packaging was 
positioned at the centre of turntable in the microwave oven. Only one puff sample baked at a time. 
 
Quality measurements 
Weight loss measurements were done after five minutes at room temperature by subtracting the weight of puff 
after baking with the weight of puff before baking and dividing this term with the weight of puff before baking 
and expressed as percentage. 
    
Colour change of puffs at the top and bottom surfaces were measured by Minoltra Colour Reader (CR-10, 
Japan) using the L*, a* and b* colour scale. Triplicate readings at the different positions were carried 15 
minutes after baking and the mean value was recorded. The total colour change (∆E) was defined in order to 
represent the total colour difference. It was calculated by using Eq. (1) in which puff before baking was used as 
the reference point where by L*, a*, b* value was denoted by Lo, ao and bo.  
 
∆E = [(L* - Lo)2 + (a* - ao)2 + (b* - bo)2]1/2                                           (1) 
 
Where ‘L’ is lightness, ‘a’ shows redness (+) to greenness (-) and ‘b’ shows yellowness (+) to blueness (-). 
    
Specific volume (SV) of puffs was measured by mustard seed displacement method. Five apparatus were used 
such as rectangular compartments, cylinder container, funnel, 30 cm stainless steel ruler and measuring cylinder 
1000 ml. Firstly, filling the cylinder container from a measuring cup with mustard seeds until overfilled the 
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cylinder container and rectangular compartments was used to catch stray seeds. Then, excess seeds were scraped 
into the rectangular compartments with the edge of ruler vertically. The seeds were then transferred to the 
measuring cylinder 1000 ml without spilling the seeds by the aid of funnel. The volume of the seeds was 
measured and recorded as V1. Next, the seeds were returned into the measuring cup and then, some seeds were 
added first into the container.  Then, the puff was put into the container and pushed gently into the seeds. 
Mustard seeds were filled into the container, overfilled slightly and flatten as described previously with the edge 
of a ruler vertically. Again, the seeds were transferred into the 1000 ml measuring cylinder by the aid of a funnel 
and the volume was recorded as V2. The difference in the mustard seeds volume was obtained by using Eq. 2: 
 
 V puff after baking =  V1 - V2                                (2) 
 
Where V1 was volume of mustard seeds without puff and V2 was volume of mustard seeds with puff. The 
specific volume of puff was calculated by using Eq. 3: 
 
 SV (ml/g) = V puff after baking                                                    (3) 
        W puff after baking 
     
Hardness of puff was measured using Universal Testing Machine (5566 Model, Instron Corporation, USA) after 
cold for 40 minutes at room temperature. Puffs were compressed for 25% of their original thickness at a speed 
of 10 mm/min.  
   
Statistical analysis 
Analysis of Variance (ANOVA) was employed to determine significant differences between microwave powers 
used and baking time for each response variables in the present study. Treatment means were compared by 
Duncan’s Multiple Range Test (P≤0.05) using Statistical Analysis System (SAS, 2004) version 9.1.2. All the 
reported data were average of three replications. 
 
 
RESULTS AND DISCUSSIONS 
 
Weight Loss of Puffs during Microwave and Microwave Susceptor Baking at Different Power 
Weight loss of puffs increased linearly as baking time increased (Figure 1). Other researchers previously 
showed this correlation, by using cakes [12] and breads [5]. The cakes and the breads have lost weight linearly 
during baking in microwave oven, microwave susceptor and conventional oven. 
 
The weight loss of puffs baked in a conventional oven was 22.76%, which was the lowest value as compared to 
another treatment of baking puffs that used in microwave and microwave susceptor. However, it was possible to 
obtain a minimum weight loss with conventionally baked puffs from ANOVA analysis by using microwave 
susceptor at 790 W for 75 s and 90 s. Nevertheless, 75 s at 790 W was not suggested because the puffs were still 
not completely cooked.  
 
The rate of weight loss hit the highest value by using microwave susceptor baking especially for 340W. This 
result may be explained by the fact that the low power used to bake puffs will caused the longer heating time to 
bake puffs and the same time, the higher weight loss occurred in microwave susceptor. This finding is in 
agreement with Keskin et al. [5] findings which showed the used of 50% of halogen lamp power baking had 
higher value of weight loss and more time needed to bake breads compared to the 70% of halogen lamp power 
used. Moreover, it was discovered that the used of susceptor packaging may influenced the time setting of 
baking puffs. The heating time was increased when susceptor was applied as compared to the microwave 
heating without packaging application.    
 
The weight loss in microwave baking products was also higher than heating in conventional oven even at the 
lowest baking time. However, it shows similar trend to microwave susceptor baking. High moisture loss in 
microwave baked products can be explained due to the high pressure and moisture gradients in microwave 
baked products, as compared to conventional baking [12]. The analysis of variance (ANOVA) for quality 
parameter of baked-puff is tabulated in Table 1. 
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Figure 1: Weight loss of puffs during microwave and microwave susceptor baking at different power. (?): microwave; 
340W, (?): susceptor; 340W, (?): susceptor; 500W, (?): susceptor; 790W. Markers represent data points and lines 
represent model equation. 
 
Table 1: Mean Scores for Quality Parameter of Puff Baked in Microwave with Susceptor Packaging, Microwave Oven and 
Conventional Oven 
Treatments WL(%) ∆E (T) ∆E(B) SV (ml/g) H (N) 
1. 340W,270s 28.23ef 31.51fg 29.93ef 4.12def 1.55jk 
2. 340W,285s 30.08abc 34.53def 37.07cde 4.19de 1.69hij 
3. 340W,300s 30.54ab 38.07cde 39.64abcd 4.39cd 1.76hi 
4. 340W,315s 30.78ab 39.68bcd 42.66abc 4.70bc 1.95fg 
5. 340W,330s 31.68a 44.53ab 45.98a 4.93b 2.17e 
6. 500W,150s 25.82gh 24.75hi 23.10g 3.33h 1.28lm 
7. 500W,165s 27.23efg 32.66ef 32.80de 3.59gh 1.74hi 
8. 500W,180s 28.36def 35.10def 35.38cde 3.77efgh 2.09ef 
9. 500W,195s 29.94bcd 41.05abc 41.22abc 4.20de 2.22e 
10. 500W,210s 30.99ab 43.90abc 41.65abc 4.73bc 2.51cd 
11. 790W,75s 23.27ij 21.77i 18.82gh 2.35i 1.14m 
12. 790W,90s 23.96ij 26.16ghi 23.90fg 2.69i 1.40kl 
13. 790W,105s 26.82fg 41.40abc 37.42bcd 3.72fgh 1.63ij 
14. 790W,120s 28.84cde 42.36abc 42.38abc 4.14def 2.23e 
15. 790W,135s 31.22ab 46.12a 44.83ab 4.98b 2.72b 
16. 340W,135s 24.70hi 20.42i 13.38h 3.42gh 1.84gh 
17. 340W,150s 25.78gh 21.92i 13.68h 3.82efg 2.45d 
18. 340W,165s 27.23efg 23.43hi 14.25h 4.16de 2.51cd 
19. 340W,180s 27.65ef 23.75i 15.86h 4.87b 2.66bc 
20. 340W,195s 28.74cde 26.40ghi 19.67gh 5.47a 3.04a 
21. 200oC1200s 22.76j 29.70fgh 35.91cde 4.97b 0.83n 
*   Means with same letters in column are not significantly different at the (P≤0.05). 
* Treatments 1-15=baking with susceptor packaging in microwave oven; treatments 16-20=baking in microwave 
oven (control); treatment 21=baking in conventional oven (control). 
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Colour Changes on Top of Puffs during Microwave and Microwave Susceptor Baking at Different Power 
∆E values on top surface of puffs baked in microwave susceptor and microwave oven increased linearly 
correspondence with the baking time (Figure 2).  The microwave baked puffs had the lowest ∆E values which 
showed a similar colour with the dough as been expected from 135s until 195s at 340 W. The control puffs had 
∆E value of 29.70. ∆E value of microwave baked puff at the top surface was 20.42 at 135s or 31.25% lower 
than the control values even at the end of the baking time (195s). Therefore, the results were very small which 
proved that it was not possible to observe a significant colour changes during microwave baking [12].  
  
It was different with the used of susceptor packaged product. All three power showing that the browning colour 
can be achieved by using microwave susceptor. Although the heating time was differ for 15s only for each stage 
of baking puffs, the different of the ∆E values were clearly observed. Nevertheless, these results differ from 
previous published study by Sahinet al. [9] which showed that the browning effects were not possible to be 
observed at the top surface colour of food samples. This happens due to the susceptor that had been placed only 
at the bottom surface of the samples. Contrastively, the reseacher used a box which was the susceptor contacted 
directly at the top surface before and after baking process in this study. Subjected  to the expansion of the puffs, 
the susceptor was closed enough to the food product and this situation promotes more browning effect to the 
puffs in the baking process. A possible explanation for this situation might be that the susceptor absorbed 
microwave energy and produce heat rapidly at high temperature and will cause more browning to the product in 
contact or close proximity [7]. From the observation, the puffs baked at 340 W were superior in colour changes 
as compared to those prepared by using 500 W and 790 W. In the other words, the puffs were baked at a lower 
level power of microwave produce more uniformity in colour change after baking.  
 
According to ANOVA analysis for the ∆E values, it was possible to obtain a similar colour with conventionally 
baked puffs by using microwave susceptor at 340 W for 270 s and 285 s; 500 W for 150 s, 165 s and 180 s; and 
790 W for 90 s. At the same time, 270 s heating time at 340 W and 165 s heating time at 500 W, the puffs 
become darker compared to the control puffs and for 90 s at 790 W, the puffs were still less brown than the 
controlled puff. Nevertheless, the percentage of the differences to the controlled value was small.  
 
 
Figure 2: Colour changes (∆E) on top of puffs during microwave and microwave susceptor baking at different power. (?): 
microwave; 340W, (?): susceptor; 340W, (?): susceptor; 500W, (?): susceptor; 790W. Markers represent data points and 
lines represent model equation. 
 
Colour Changes (∆E) on Bottom of Puffs during Microwave and Microwave Susceptor Baking at Different 
Power 
Figure 3 shows that all ∆E values at the bottom surface of the puffs baked in microwave susceptor and 
microwave oven increased linearly with baking time. At all powers, the bottom colour of the puffs have changed 
into desirable rich brown and at one stage the puffs become more brown and dark compared to the controlled 
puffs. As previously described in the colour changes at the top surface of puffs, although the heating time differs 
for 15s only for each stage of baking puffs, the different of the ∆E values were observed at the three level power 
used especially for those baked at 500 W and 790 W in the beginning of data reading. The puffs baked at 340 W 
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were consistently increased in colour changes from 270 s until 330 s. This finding is in an agreement with Sahin, 
et al. [9] study which showed that the susceptor was found to be successful on the development of browning 
color at the bottom surface, at different power of the microwave. Besides, as mentioned in the literature review, 
the susceptor was the one commercial approach to solve the problem that had been involve in microwave baking 
[11].  
 
The control puffs had ∆E value of 35.91. As described by ANOVA analysis for bottom surface of puffs, it was 
seen that there were no significant differences between conventionally baked puffs and microwave susceptor 
baking at 340 W for 285 s, 300 s and 315 s; 500 W for 165 s, 180 s, 195s and 210 s; 790 W for 105 s and 120 s. 
 
As been expected earlier, the most problem in microwave baking was inability to induce browning. In 
agreement with the statement, the findings in this study were showed that microwave baked puffs had the lowest 
∆E values, which corresponded to a similar colour value to the dough, and close to zero. The controlled puffs 
had ∆E value of 35.91, which was 63% more than ∆E values for microwave baked puffs, even at the end of 
baking time. 
 
 
Figure 3: Colour changes (∆E) on bottom of puffs during microwave and microwave susceptor baking at different power. 
(?): microwave; 340W, (?): susceptor; 340W, (?): susceptor; 500W, (?): susceptor; 790W. Markers represent data points 
and lines represent model equation. 
 
Specific volumes of puffs during microwave and microwave susceptor baking at different power 
In Figure 4, there is a clear trend of increasing the specific volume of puffs with the baking time increased in 
both for microwave and microwave susceptor. When the puffs baked by using the microwave susceptor at all 
power, a lower volume was obtained as compared to the conventionally baked ones. The maximum volume can 
be obtained of microwave susceptor at three power level of microwave was 10ml which was differ to 
conventional baking puff at the end of baking time. The volume for conventional baking was 110ml and the 
specific volume of conventionally baked puffs was 4.97 ml/g. Since microwave susceptor provides a focus on 
heat rapidly to the high temperature and caused browning effect to the product, at the same time, it retards the 
expansion of the dough because of the thicker crust formed immediately at the surface of puffs. A microwave 
susceptor baking at 790 W had the lowest specific volume at the beginning of the baking time. A very fast time 
of heating in microwave oven caused insufficient time for either starch gelatinization or enough expansion of 
the dough [11]. Besides, the used of a rigid box as packaging interrupted the expansion of puffs within a short 
period of time. Interestingly, for those puffs with baked at 340 W and 500 W, the specific volume for different 
time of baking was consistent in increasing baking time. 
 
Using ANOVA analysis for specific volume of puffs, there were no significant differences between microwave 
susceptor baking and conventional value, when the puffs baked at 340 W for 315 s and 330 s, 500 W for 210 s 
and 790 at 135 s. Nevertheless, 210 s at 500 W and 135 s at 790 W were not recommended because the puffs 
will be physically charred.  
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The usage of common microwave had the highest specific volume at the 195 s. The value was 5.47 ml/g and 
9.14% more than conventional value. However, this result has not previously been described and it differs from 
some published studies in baking cakes [12] and breads [5]. This rather contradictory result may be due to the 
food samples used in this study. It is because this study used the puff which had many layers and easy to expand 
(layer by layer) even in the short time of microwave baking compared to previous studies which used cake and 
bread samples. Although the puffs had the high volume and same with conventional oven baked at 195s, the 
puff which was baked in microwave oven still not acceptable in consistent of volume expansion which was 
dense at some placed between layers. 
 
 
Figure 4: Specific volumes of puffs during microwave and microwave susceptor baking at different power. (?): microwave; 
340W, (?): susceptor; 340W, (?): susceptor; 500W, (?): susceptor; 790W. Markers represent data points and lines 
represent model equation. 
 
Hardness of puffs during microwave and microwave susceptor baking at different power 
It is apparent that the hardness values of puffs baked in microwave susceptor and microwave ovens have 
increased sharply with baking time (Figure 5). The puffs treated with microwave oven without any application 
of packaging were also significantly harder than the treated puffs in conventional oven and microwave with 
susceptor in all power usage. Even at the 135s time of baking, the hardness was 1.84N and 54.89% differ from 
conventional baking. These situations are also observed by Sumnu, et al. [12] in microwaves baking cakes. 
From the observation, the puffs those baked in microwave oven had gummy, soggy, shrink and dense in texture, 
undesirable in moisture around the puffs but the texture changed into tough and brittle after the puffs were cold 
in room temperature.  
 
When the susceptor was being used, the soft texture of puffs at the beginning time of baking had the lowest 
value of hardness. These values showed that puffs structure was not being developed yet and it was still in an 
unbaked form. Although the puff baked in microwave susceptor had high values of hardness at three levels 
power of microwave compared to the conventional, the texture of puffs were frequently consistent in volume 
expansion besides crisp outside and inside of puffs.  
 
The control puffs had a hardness value of 0.83 N. This can be explained by the hardness of puffs occurred at the 
outside of puffs but inside puffs were still moist as observed in these puffs when baked in conventional oven. 
Meanwhile, the puff crisp outside into inside when susceptor was used. The value of conventional baking was 
very small and significantly different as compared to microwave susceptor treatments. Nevertheless, 340 W 
power with microwave susceptor had the consistent values of hardness and good in texture from 270 s until end 
of puffs baking (330 s). Furthermore, the puffs which were baked in microwave susceptor at 500 W for 165 s to 
195 s and 790 W for 105 s to 120 s were still acceptable in texture from the observation.    
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Figure 5: Hardness of puffs during microwave and microwave susceptor baking at different power. (?): microwave; 340W, 
(?): susceptor; 340W, (?): susceptor; 500W, (?): susceptor; 790W. Markers represent data points and lines represent 
model equation. 
 
 
CONCLUSIONS 
 
In this study, the susceptor packaging was designed and quality parameters of puffs were compared between 
microwave baking with and without susceptor packaging. Microwave baking without packaging application had 
some quality defects such as lack of colour, become soggy, shrink and brittle when cold. However, microwave 
baked puffs had the highest specific volume and temperature. It was possible to improve the quality of 
microwave baked puffs by using susceptor packaging. The colour of puffs were changed into desirable rich 
brown and formed a texture similar to the conventionally baked ones at three level power used. The best 
conditions for baking puffs in microwave oven when used susceptor packaging were 270 s, 285 s and 300 s at 
340 W; 165 s and 180 s at 500 W; and 105 s and 120 s at 790 W. When susceptor packaging was applied for this 
condition, it reduced conventionally baking time about 75%-91%. However, microwave baked puffs with 
susceptor packaging had a lower volume at all power used and weight loss was still higher. Therefore, further 
research is necessary to increase the volume and reduce the weight loss of food samples with the used of 
susceptor packaging in microwave baking. 
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NOMENCLATURE 
 
WL weight loss    (%) 
∆E(T) colour changes at top surface 
∆E(B) colour changes at bottom surface 
SV specific volume     (ml/g) 
H(N) hardness 
